Recently, three paralytic food poisoning incidents due to ingestion of the goby Yongeichthys nebulosus occurred in Taiwan. Therefore, intensive investigation of toxic goby was performed from August 1996 to July 1998. More than 300 specimens of 12 species of gobies were collected from 15 locations and examined for toxicity. The specimens of three species of gobies, Y. nebulosus, Prachaeturichtys palynema, and Radigobius caninus, collected from Pingtung, Penghu, Kaohsiung, Miaoli, and Hsinchu were found to be toxic. The most toxic goby was Y. nebulosus, 93% of which were toxic. Specimens collected from Pingtung Prefecture were most toxic, the toxicity was more than 1000 MU/specimen. A seasonal variation of toxicity in Y. nebulosus was found, and the highest toxicity was observed for specimens collected in winter with a value of 4998 MU/specimen. The toxin was partially purified from the methanolic extract of each toxic species by Diaflo YM-1 membrane ultrafiltration and Bio-Gel P-2 column chromatography. High-performance liquid chromatography and electrophoresis analyses indicated that each toxic species contained tetrodotoxin (TTX) and anhydrotetrodotoxin. Among three toxic gobies, P. palynema and R. caninus are first reported to contain TTX.
INTRODUCTION
The toxicity of gobies has been studied since the 1970s. Noguchi and Hashimoto 1 demonstrated that a goby Gobius criniger (also known as Ctenogobius criniger, Yongeichthys nebulosus or Rhinogobius nebulosus) collected in Amami-Oshima Island showed a distinct regional variation of toxicity. In the toxic specimens, the skin was generally high in toxicity. Furthermore, previous studies 2, 3 identified the toxin as tetrodotoxin. In 1977, Elam et al. 2 also found that three species of gobies, Clevelandia ios, Acanthogobius flavimanus, and Gillichthys mirabilis, collected from California coast contained neurotoxins. The tetrodotoxin-like toxin in G. mirabilis was found principally in the ovaries and liver.
In Taiwan, 87 species of gobies have been recorded. 5 These gobies mainly distribute in estuaries, downstream portions of rivers, and coasts in Taiwan. They are very easily caught and consumed by local people. Yang 6 reported several outbreaks of fatal poisoning in southern Taiwan due to ingestion of toxic gobies. However, no data about toxicity and toxins were available. Recently, several paralytic food poisoning incidents due to ingestion of Y. nebulosus occurred in southern and northern Taiwan. 7, 8 In the meantime, some toxic marine animals such as xanthid crabs, gastropods, and starfish collected from southern Taiwan were found to contain tetrodotoxin (TTX) and paralytic shellfish poison (PSP). [9] [10] [11] [12] [13] Although G. criniger collected from Amami-Oshima Island was reported to contain only TTX, the toxic component in specimens collected from Taiwan was not identified. 1 To establish the hygienic data of Taiwanese gobies, further intensive investigation of toxic gobies was performed. Toxins of toxic gobies were also purified and analyzed for composition.
MATERIALS AND METHODS

Materials
Three hundred and five specimens of 12 goby species (Table 1) were collected from estuaries, downstream portions of rivers, and coasts of southern, western, and northern Taiwan (Fig. 1) from August 1996 to July 1998.
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Breeding and Research Center, Taipei, ROC. Authentic TTX and anhydrotetrodotoxin (anh-TTX), which were obtained from the liver of the puffer Takifugu oblongus, were used as the reference standards. 14,15 Authentic gonyautoxins 1-4 (GTX 1-4) and saxitoxins (STX) obtained from the purple clam Soletellina diphos and the xanthid crab Zosimus aeneus, respectively, were also used as the reference standards.
16,17
Assay for toxicity
The frozen specimens were partially thawed and dissected into muscle, skin, fin, head, viscera and gonad just before the toxicity assay. Each dissected tissue was weighed, homogenized with three volumes of 1% acetic acid in methanol for 5 min, and centrifuged (2000 g, 20 min). The operation was repeated twice. The supernatants were combined, concentrated under reduced pressure at 45°C, and examined for toxicity by the standard mouse assay for TTX. 18, 19 Toxicity was expressed in mouse units. Due to the standard deviation (SD) of toxicity score sometimes being larger than mean value, the standard error (SE 2 = SD 2 /n) was used for toxicity data. One mouse unit (MU) is defined as the amount of toxin required to kill a 20 g ICR strain male mouse in 30 min after a single intraperitoneal injection.
Purification of goby toxin
After the toxicity assay, the extracts of toxic species were combined, concentrated under reduced pressure at 45°C, and defatted with dichloromethane. The aqueous layer was concentrated and filtered through a Diaflo YM-1 membrane (Amicon, Beverly, MA, USA) to remove substances of more than 1000 daltons. The filtrate was
The specimens were transported to the laboratory of the National Taiwan Ocean University, Keelung, ROC, and kept frozen at -20°C until use.
The Institute of Cancer Research (ICR) strain mice were purchased from the National Laboratory Animal
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S-J Lin et al. applied to a Bio-Gel P-2 column (2 ¥ 94 cm; Bio-Rad, Hercules, CA, USA) which was developed with 0.03 M acetic acid. Toxic fractions were combined, freeze-dried, dissolved in a small amount of water, and submitted to the analyses described below. 
Electrophoresis
RESULTS
Toxicity of goby
As shown in Fig. 1, 305 specimens of gobies were collected from 15 locations of nine cities and prefectures in northern, western, and southern Taiwan. As summarized in Table 1 , 10 species were certainly identified, while identification of the other two species was made to a genus level. Among them, three toxic species, Yongeichthys nebulosus, Prachaeturichtys palynema, and Radigobius caninus, which had medium body size, were found in Miaoli, Penghu, Pingtung, and Kaohsiung Prefectures. As shown in Table 2 , the frequencies of toxic specimens for Y. nebulosus, P. palynema, and R. caninus, were 93, 20, and 50%, respectively. For Y. nebulosus, the total toxicity was 2142 ± 21 (mean ± SE) MU/specimen ranging from ND to 8060 MU/specimen. The average toxicities of the tissues were 220 ± 2 MU/g in fin, followed by 205 ± 2 MU/g in head, 169 ± 2 MU/g in viscera, 162 ± 1 MU/g in gonad, 139 ± 2 MU/g in muscle, and 137 ± 2 MU/g in skin.
Radigobius caninus was less toxic, its average total toxicity being 30 ± 6 MU/specimen ranging from ND to 49 MU/specimen. The toxicity was found in every tissue except for the fin. Prachaeturichtys palynema contained the least amount of toxins which were distributed mainly in the head and muscle. The regional variation of toxicity in Y. nebulosus is shown in Table 3 . The frequencies of toxic specimens of Y. nebulosus in Penghu, Pingtung, and Miaoli Prefecture were 100, 98 and 88%, respectively. The toxicity of Y. nebulosus specimens, which were collected from Pingtung Prefecture, was the highest, ranging from ND to 8060 (2379 ± 24) MU/specimen. Yongeichthys nebulosus specimens collected from Penghu and Miaoli Prefecture had smaller body size and showed less toxicity ranging 1 ND means less than 4 MU/g. 2 Toxic specimens/total specimens. 3 Mean ± SE calculated on the assumption that the toxicity scores of all non-toxic specimens were zero. 4 Not assayed. 5 The toxicity scores of all non-toxic specimens were zero. from 10 to 82 (32 ± 3) and from ND to 172 (78 ± 8) MU/ specimen, respectively. However, Y. nebulosus specimens collected from Ilan Prefecture, which is located in northern Taiwan, were non-toxic. The seasonal variation of toxicity in Y. nebulosus collected at Tungkang, southern Taiwan is shown in Table  4 . The total toxicity of Y. nebulosus was found to be much higher in winter and early spring. The average toxicities were 3323 ± 104, 4998 ± 190, 4143 ± 197, and 2217 ± 107 MU in December, January, February, and March 1998, respectively. Figure 2 shows HPLC chromatograms of the extracts of Y. nebulosus, P. palynema, and R. caninus together with that of the authentic TTX. Each extract gave rise to two peaks whose retention times coincided well with those of TTX and anh-TTX. However, peaks corresponding to authentic GTX and STX were not found in all extracts. Electrophoresis of the extracts showed at least two spots (data not shown). Among them, two spots were indistinguishable from TTX and anh-TTX, respectively, both in migration distances (8.0 and 5.5 cm) and in fluorescent colors (yellow and blue). However, no spots of GTX and STX were observed. Each extract (50 MU/5 mL) was further heated with concentrated sulfuric acid and found to be non-toxic. This chemical character was the same as that of TTX.
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DISCUSSION
In this study we showed that three species of Taiwanese gobies, Y. nebulosus, P. palynema, and R. caninus, contained TTX. Among them, Y. nebulosus is well known to be toxic, and the other two species, P. palynema and R. caninus, were first reported as toxic. These toxic gobies were mainly from southern and western Taiwan. In these 550
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S-J Lin et al. 2 The toxicity scores of all non-toxic specimens were zero. 3 Toxic specimens/total specimens. 4 Mean ± SE. areas, several outbreaks of fatal poisoning occurred [6] [7] [8] and several TTX-bearing animals and TTX-producing bacteria were recently found to be present. [21] [22] [23] [24] [25] [26] [27] We also found that the major toxic species was Y. nebulosus, eliciting the highest frequency of toxic specimens. The toxicity was high in fins and head, intermediate in viscera and gonad, and low in muscle and skin. These results coincided well with those obtained by Noguchi and Hashimoto 1 who indicated that the toxicity of Y. nebulosus was generally high in fins and head.
The study on the regional variation of toxicity in Y. nebulosus showed that the frequencies of toxic specimens collected in Pingtung, Penghu, and Miaoli Prefecture were much higher than that in Ilan. Moreover, the average total toxicity of the specimens in Pingtung Prefecture was 30-74 times higher than those in the other areas where toxic specimens were found. This may indicate that the goby could be easily toxicified in southern Taiwan. The seasonal variation of toxicity in Y. nebulosus collected in Pingtung Prefecture was obvious. Much higher total toxicity was found in winter and early spring.
The toxins of these toxic gobies were all composed of TTX and anh-TTX. The toxin composition of Y. nebulosus was the same as that of previous reports. [2] [3] [4] 8 Interestingly, this toxin composition was also the same as those of Babylonia formosae, 28 Natica vitellus, and Polinices didyma 22 collected from the same coastal area of Pingtung Prefecture. However, the toxin of some marine animals, such as the gastropod N. clathrata and N. lineata, 9-10 the xanthid crab Z. aeneus, Atergatis floridus, and Demania reynaudi, [11] [12] and the starfish Astropecten scoparius, 13 which were collected in the same area, were composed of both TTX and PSP toxins. The reason for a different toxin composition in these toxic marine animals should be further studied. Mean ± SE calculated on the assumption that the toxicity scores of all non-toxic specimens were zero. Data of March 1997 were cited from Lin et al. 8 3 -No data. 4 ND means less than 4 MU/g.
